This research aimed to extract polysaccharides and improve the property of sulphate-modified purple glutinous rice bran, cv. Kum Doi Saket. The effects of temperature, ratio of sulphur trioxide-trimethylamine (STMA) to sample and reaction times were studied. The results showed that the degree of substitution (DS) of sulphated polysaccharides was 0.01-0.53. Low molecular weight sulphated polysaccharides were obtained, and the functional groups of the sulphated polysaccharides were confirmed using FT-IR. No enhancement of the antioxidant activity of the sulphated polysaccharides was observed. Interestingly, immunomodulatory activity, including inducing cytokine production (iNOS, TNF-a, IL-1b and IL-10) via up-regulated mRNA expression, was significantly increased by 10-86% when compared to the crude polysaccharides.
Introduction
Recently, polysaccharides have been examined for their various biological activities such as inhibiting free radicals and for their antimicrobial, antitumour, anticancer, antiviral, anticoagulant and immunological activities (Kadam et al., 2015; Li et al., 2017) . The biological effects of polysaccharides depend on their chemical composition, molecular weight and structure (Zong et al., 2012) . Many studies have shown that sulphation seems to induce excellent physiological properties that are helpful in maintaining health and preventing diseases (Wang et al., 2009a .
Sulphated polysaccharides have their hydroxyls modified using sulphuric acid, sulphur trioxide-pyridine (SO 3 -Pyr), chlorosulphonic acid-pyridine (CSAPyr), sulphur trioxide-dimethylacetamide (STMA) or sulphur trioxide-trimethylamine (STMA) . STMA is often used because it works with mild conditions, and there is less degradation of the polysaccharide structure. Bao et al. (2010) pointed out that the ratio of polysaccharide to STMA and the time-temperature of the reaction are significant factors affecting the polysaccharide's degree of substitution (DS). Yan et al. (2013) found that the sulphation of exopolysaccharides extracted from Cordyceps sinensis fungus showed that increasing DS was correlated with lower molecular weight, which positively affected the antioxidant activity, especially hydroxyl radical and ABTS radical scavenging activities. There are many reports of polysaccharide sulphation that show that sulphation does not always have a linear relationship with biological activity. Sulphated polysaccharides from Cyclocarya paliurus with the highest DS (0.55) had lower antioxidant activity than derivatives with moderate DS (0.42 and 0.06) (Xie et al., 2014) . However, Jung et al. (2011) reported that a high DS (0.90) was more effective than a low DS (0.43) in scavenging DPPH using polysaccharides extracted from Pleurotus eryngii. Chen et al. (2015) showed that polysaccharides from Ganoderma atrum with a low DS showed increasing immunomodulatory activity, macrophage phagocytosis capacity and tumour necrosis factor-alpha (TNF-a) production compared to those with a high DS. The sulphation of polysaccharides from rice bran has not been well studied. Wang et al. (2009a) reported that sulphated defatted rice bran polysaccharides showed stronger antitumour activity in vitro compared with native polysaccharides.
Purple glutinous rice (Kum Doi Saket) is a pigmented cultivar (Oryza sativa L.) that is widely grown in the north and north-east of Thailand (Punyatong et al., 2008) . It has high antioxidant activity (Pitija et al., 2013) . Defatted rice bran is a by-product of an oil extraction process that is currently used for animal feeds or discarded as agricultural waste (Devi & Arumughan, 2014) . The extracted polysaccharides from the defatted rice bran showed anticancer or antitumour properties (Ghoneum & Gollapudi, 2003) . In previous research, experiments were done to extract polysaccharides from the defatted rice bran of Kum Doi Saket rice. The research showed that the polysaccharides had antioxidant, antimicrobial and immunomodulatory activity (Surin et al., 2017) . However, high DS sulphation to improve the antioxidant and immunomodulatory activities of these polysaccharides has not been studied. This research aimed to investigate the effect of sulphation on the DS and in vitro antioxidant and immunomodulatory activity of these modified polysaccharides.
Materials and methods

Materials
Whole purple glutinous rice was purchased from a local grinding mill company (Organic Germinated Brown Rice Community Enterprise, Chiang Mai, Thailand) which had been harvested locally from December 2013 to January 2014. Chemicals used in the experiments, including DPPH, ABTS, 2,4,6-tripyridyl-s-triazine (TPTZ), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox), sulphur trioxide-trimethylamine (STMA), anhydrous dimethyl sulphoxide (DMSO), D-glucose, bovine serum albumin (BSA), nitro-blue-tetrazolium (NBT), phenazine methosulphate (PMS), nicotinamide adenine dinucleotide (NADH) RPMI-1640 medium, foetal bovine serum (FBS), lipopolysaccharide (LPS) and ascorbic acid (vitamin C), were purchased from Sigma-Aldrich Co. Ltd. (St. Louis, MO, USA). The a-amylase was obtained from the Novozymes Co. Ltd. (Bagsvaerd, Denmark). All reagents in this experiment were analytical grade.
Sulphation of extract polysaccharide from Kum Doi Saket rice bran
The polysaccharide extraction method was as previously described (Surin et al., 2017) . Briefly, rice bran powder was pretreated using rice bran:hexane at a ratio of 1:3 (w/v) by refluxing twice, at 75°C for 2 h. The residue was further extracted with water at 1:15 (w/v), 90°C for 2 h. The extract was centrifuged twice at 5000 g for 10 min, and then, the supernatant was then collected and concentrated. The starch and protein in the extract were removed, and then, three volumes of 95% ethanol were added to the extract. The precipitate was collected by centrifugation at 5000 g for 10 min and then washed with absolute ethanol. Finally, the crude polysaccharide was dried in a vacuum oven (model VO200, Memmert, GmbH+Co., Germany) at 40°C, 24 h.
The extracted polysaccharides were modified by over-sulphation following the method of Bao et al. (2010) with slight modifications. An orthogonal array design was chosen to study three factors: reaction temperatures (25, 50 and 80°C), the ratios of STMA (the sulphating agent) to sample (1:1, 2:1 and 4:1 w/w) and reaction times (3, 6 and 10 h). Briefly, 100 mg of crude Kum Doi Saket polysaccharides was dissolved in 5 mL DMSO and then STMA was added. After the reaction, the solutions were cooled in an ice bath, saturated sodium acetate in ethanol at a ratio of 1:4 v/v was added and the solutions kept at 4°C overnight. The precipitate was re-dissolved with distilled water and dialysed using a dialysis bag (nominal Mw cut-off of 3500 Da according to the manufacturer (SigmaAldrich Co. Ltd.) in tap water for 48 h and then distilled water for 24 h to remove DMSO and STMA. Finally, the 9 sulphated Kum Doi Saket polysaccharide samples, referred to as sF1-sF9 (Table 1) , were freeze-dried.
Physiochemical properties and anthocyanin determination
The carbohydrate content of all polysaccharides was analysed using the phenol-sulphuric acid colorimetric method using D-glucose as the standard (Dubois et al., 1951) . The protein content was determined using the Coomassie Brilliant Blue reaction method with BSA as the standard (Bradford, 1976) . The yield percentage of crude polysaccharide was calculated based on the dried biomass. The sulphate content and the degree of substitution (DS) of polysaccharides were determined following the method of Surayot et al. (2014) . Anthocyanin content was measured according to Surin et al. (2017) .
Determination of average molecular weight
The weight-average molecular weight (Mw) and radius of gyration (Rg) were assessed using the method of Surayot et al. (2015) with modifications. The polysaccharides (3 mg) were dissolved in distilled water (1 mL). The polysaccharide solutions were heated in boiling water for 10 min before injecting into the highperformance size-exclusion chromatograph coupled with multi-angle laser light scattering and refractive index detection (HPSEC-MALLS-RI) system (Wyatt Technology Corp., Santa Barbara, CA, USA). The Mw and Rg were calculated using ASTRA 5.3 software of Wyatt Technology Corp. The MALLS detector and the determination of volume delays with the UV, MALLS and RI detectors were normalised using BSA.
FT-IR spectral analysis
The FT-IR spectra of dried polysaccharide extracts were recorded in the frequency range of 4000-400 cm À1 on a Thermo-Nicolet spectrophotometer (model 6700 Thermo Scientific, Waltham, MA, USA) using attenuated total reflection to detect their functional groups following the method of Surin et al. (2017) .
In vitro antioxidant activity
Sample preparation
The crude polysaccharides were dissolved in distilled water to form a polysaccharide solution at final concentrations of 1, 5, 10, 15 and 20 mg powder mL À1 , respectively.
DPPH radical scavenging activity (RSA) Two mL of the sample solutions was mixed with 2 mL of 0.2 mmol L À1 DPPH solution. The solution was kept in the dark at 30°C for 30 min. The absorbance of the mixture was measured at 517 nm using a spectrophotometer (model UV-2101PC, Shimadzu, Japan) against a blank. The DPPH radical scavenging activity was calculated following Cheng et al. (2013) .
ABTS RSA
The sample solution was added to the ABTS radical solution at a ratio of 1:20, and the solution was kept at 30°C for 6 min. The absorbance was measured at 734 nm. The ABTS radical scavenging activity was calculated following Re et al. (1999) .
FRAP assay
The sample solution (80 lL) was added to 2 mL FRAP reagent, and the mixture was incubated at 37°C for 8 min, then the absorbance of the mixture solution was measured at 593 nm. A standard curve was performed using FeSO 4 Á7H 2 O solution at concentrations of 100-1000 lM. The results were expressed as the concentrations of FeSO 4 Á7H 2 O with equivalent antioxidant activity (Benzie & Strain, 1996) .
Superoxide anion scavenging activity One mL of polysaccharide samples at different concentrations (0.25-20 mg mL À1 ) was added to 2.0 mL Tris-HCl buffer (16 mM, pH 8.0) containing 76 lM NBT and 394 lM NADH. After that, 0.4 mL PMS was added and kept at 30°C for 5 min, and the absorbance was measured at 560 nm against a blank. The superoxide anion scavenging activity was determined as described by Wang et al. (2008) .
Hydroxyl radical scavenging activity One millilitre of polysaccharide solutions (0.25-20 mg mL À1 ) was mixed with 2 mL FeSO 4 (9 mmol L À1 ) and 2 mL salicylic acid in ethanol solution (9 mmol L À1 ), then 2 mL H 2 O 2 (8.8 mmol L À1 ) was added and the mixtures were kept at 25°C for 60 min. The absorbance of the mixtures was measured at 510 nm according to the method of Zhang et al. (2012) .
Metal chelating assay
The chelating effect of different polysaccharides on ferrous ion was measured using the method of Hefnawy & El-Shourbagy (2014) with minor modifications. One millilitre of samples at concentrations of 0.25-20 mg mL À1 was mixed with FeCl 2 (0.1 mL, 2 mM) and ferrozine (0.2 mL, 5 mM), kept for 10 min at 30°C, and then, the absorbance of the mixture was determined at 562 nm.
Reducing power
The reductive potentials were determined using the method of Hefnawy & El-Shourbagy (2014) . Different concentrations of samples (0.25-20 mg mL À1 ) were mixed with sodium phosphate buffer (2.5 mL, 0.2 M, pH 6.6) and 2.5 mL of 1% potassium ferricyanide [K 3 Fe(CN) 6 ]. The mixture was kept at 50°C for 20 min. Trichloroacetic acid (2.5 mL, 10%) was added to the mixture. The upper layer of solution (2.5 mL) was removed and mixed with 2.5 mL distilled water and 0.5 mL FeCl 3 (0.1%), and the absorbance was measured at 700 nm.
Immunological activity
Macrophage proliferation
The macrophage proliferation assay was carried out using the method of Kim et al. (2011) . RAW 264.7 cells (100 mL, 1 9 10 5 cells mL À1 ; ATCC, Rockville, MD, USA) were incubated in RPMI-1640 medium containing 10% FBS in a 96-well microplate and the polysaccharides added at a concentration of 10 lg mL À1 . The cultures were kept at 37°C for 72 h in the presence of 5% CO 2 . Proliferation was quantified using the WST-1 colorimetric assay.
Nitric oxide production Nitric oxide (NO) production in the macrophage culture supernatant was determined following the method of Surayot et al. (2015) . A polysaccharide solution (100 lL) at a concentration of 12.5-50 lg mL À1 or 100 lL of a lipopolysaccharide solution (LPS, 10 lg mL À1 , positive control) was added to the cultured cells (RAW 264.7 cells; 1 9 10 6 cells mL À1 ), and the cells were kept at 37°C for 24 h. The absorbance was measured at 540 nm using an EL-800 microplate reader (BioTek Instruments, Winooski, VT, USA). NO production was calculated with reference to a standard curve obtained with 1-200 lM NaNO 2 in the culture medium.
Reverse transcription polymerase chain reaction
The reverse transcription polymerase chain reaction (RT-PCR) was carried out using the method of Surayot et al. (2015) . Total RNA of RAW 264.7 cells (1 9 10 6 cells well À1 ) treated with LPS and polysaccharide solution was extracted using the TRIzol reagent (Invitrogen, Carlsbad, CA, USA) following the manufacturer's protocol. The concentration of the extracted RNA was previously determined before constructing cDNA with an oligo-(dT) 20 primer and Superscript III RT. The resulting cDNA was amplified by PCR using GoTaq Flexi DNA Polymerase (Promega, Madison, WI, USA). Reverse transcriptase amplification was executed with an initial denaturation at 94°C for 3 min and 30 cycles of denaturation (94°C for 30 s), annealing (56°C for 40 s) and extension (72°C for 1 min) followed by a final extension step at 72°C for 10 min. Gel electrophoresis using 1% agarose gel stained with ethidium bromide was used to separate the PCR products, and the gels were viewed under UV transillumination (Kodak Digital Science, Kennesaw, GA, USA). The sequences of the primers were as follows: 
Statistical analysis
All experiments were run in duplicate, and each measurement was done in triplicate. The data were statistically analysed using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) to obtain the analysis of variance (ANOVA) and the 95% significance Bonferroni confidence intervals.
Results and discussion
Effect of sulphation on physiochemical properties
An orthogonal design was used for sulphation of polysaccharides extracted from Kum Doi Saket rice bran by hot water extraction. The results showed that the yield of sulphated polysaccharides after modification was 21.5-38.5 mg, in the following order: sF1 < sF5 < sF8 < sF9 < sF4 < sF3 < sF2 < sF7 < sF6 (Table 1 ). The carbohydrate content of the sulphated polysaccharides was significantly lower than that of the crude polysaccharides. The lowest carbohydrate content was found in sF9 (56.2). The carbohydrate content decreased after sulphation. Total carbohydrates were reduced by about 8.3-32.0 compared to nonsulphation. Several studies (Wang et al., 2008 (Wang et al., , 2009a (Wang et al., , 2010 had similar results. Sulphate content in derivative polysaccharides had a positive correlation with DS. In particular, sF5 and sF9 had the highest sulphate content and DS. Bao et al. (2010) also found that reaction temperature, the ratio of STMA to sample and reaction time had an effect on DS for sulphated modification of the polysaccharides from Hypsizigus marmoreus. It was confirmed that the DS of polysaccharides increased with increased reaction temperatures, longer reaction times and increased sulphating reagent. However, the temperature was above 95°C, the DS decreased. The DS increased with increasing sulphating reagent, but the solution would harden causing difficulty stirring and uneven reactions if too much was used (Wang et al., 2009a) . The average Mw of crude polysaccharide and sulphated polysaccharides is shown in Table 1 . Sulphated polysaccharides had significantly lower (P < 0.05) Mw than crude polysaccharide. Polysaccharide depolymerisation occurred during sulphation, especially at high temperatures (>60°C) and low acid conditions (<pH 3) (Bao et al., 2010) . Moreover, Lin et al. (2004) also reported that increasing the reaction temperature from 80 to 100°C resulted in decreasing Mw using CSA-Pyr as the sulphating reagent. The FT-IR spectra of crude polysaccharides and sulphated polysaccharides sF2 (DS = 0.23), sF5 (DS = 0.56) and sF9 (DS = 0.53) showed two characteristic absorption bands (Fig. 1) . The first peak at around 1240 cm À1 was used to infer the characteristic of an asymmetrical S=O stretching vibration as shown in Fig. 1 . The second peak was around 820 cm À1 , indicating a symmetrical C-O-S vibration associated with a C-O-SO 3 group (Bao et al., 2012) . Increasing DS correlated with an increase in the intensity at both wavelengths (Bao et al., 2010; Wang et al., 2010) . This confirmed that the crude polysaccharide had been sulphated. However, sulphation also decreased the cyanidin-3-glycoside anthocyanin content of the purple glutinous rice (Punyatong et al., 2008; Pitija et al., 2013) . The results showed that the anthocyanin content of the sulphated polysaccharides decreased particularly at high temperatures and acidic conditions. The anthocyanin content in the sulphated polysaccharide was 0.01-0.21 mg g À1 , while the nonsulphation polysaccharide was 0.28 mg g À1 (Table 1) .
Effect of sulphation on in vitro antioxidant activity
DPPH RSA
The IC 50 values for DPPH RSA of crude and sulphated polysaccharides are shown in Fig. 2a . The effect on DPPH RSA occurs from the hydrogendonating ability of a polysaccharide (Wang et al., 2009b) . The crude polysaccharide and sF1 showed low IC 50 values, indicating strong antioxidant activity. Samples (sF2-sF9) were weaker than the crude polysaccharide, presumably due to degradation of the anthocyanin compound linking polysaccharides during sulphation. However, the DPPH RSA of sulphated polysaccharides can be activated in the presence of the hydrogen atom of the anomeric carbons and phenolic compounds (Wang et al., 2010; Chen et al., 2015) .
ABTS RSA
The IC 50 values for ABTS radical scavenging activity of crude and sulphated polysaccharides are shown in Fig. 2b . sF1, sF4 and sF7 had stronger ABTS RSA and were not significantly different from the crude polysaccharides (P ≥ 0.05). Crude, sF1 and sF4 polysaccharides had a higher anthocyanin content: 0.28, 0.21 and 0.17 mg g À1 , respectively.
Superoxide anion RSA
The IC 50 values for superoxide anion RSA of the crude and sulphated polysaccharides were significantly different (P < 0.05) as presented in Fig. 2c . The RSA was in the following order: sF5 < sF9 < sF7 ≤ sF6 < sF4 < sF8 ≤ crude ≤ sF3 ≤ sF2 ≤ sF1. Sulphation's effect on superoxide RSA was highest with the mildest conditions (sF1). This probably involves sulphate group substitution at the heterocyclic ring and anthocyanin.
Hydroxyl RSA The IC 50 values for hydroxyl RSA of all the polysaccharides were in the range of 1.04-6.79 mg mL À1 shown in Fig. 2d . The orders of activities were as follows: crude ≤ sF1 ≤ sF6 < sF2 < sF8 < sF7 < sF4 < sF3 < sF5 < sF9. However, the hydroxyl RSA had the opposite trend with increased IC 50 value for crude, sF1 and sF6. Chen et al. (2011) reported that polysaccharide hydroxyl groups correlate with hydroxyl RSA.
Metal chelating scavenging activity
The IC 50 value of crude polysaccharides was significantly lower than sulphated polysaccharides (P < 0.05) as shown in Fig. 2e . A high DS of polysaccharides, especially sF5 (0.56) and sF9 (0.53), had a negative impact on metal chelating scavenging ability and anthocyanin content. Crude polysaccharide (nonsulphation) had strongest metal chelating scavenging activity. However, all polysaccharides can be used as chelators for binding metal ions, which will then help protect against oxidative damage (Zhang et al., 2013) .
Reducing power
In the reducing power assay, crude and sulphated polysaccharides had significantly different (P < 0.05) reducing ability, as shown in Fig. 2f . All polysaccharides can break free radical chains by donating an electron to convert them into more stable compounds (Ma et al., 2012) . The reducing power was calculated from the concentration of polysaccharide reaching 0.500 absorbance when measured at 700 nm (Fig. 2f) . Crude polysaccharides and sF1 results were 6.38 and 6.35 mg mL À1 , respectively, similar to the report of Chen et al. (2015) . They found that polysaccharides from Ganoderma atrum had higher reducing power than their sulphated polysaccharides because the sulphated groups might lead to a decrease in hydroxyl groups and a less favourable steric conformation of crude polysaccharide.
Ferric reducing antioxidant power
The effect of crude and sulphated polysaccharides on FRAP value is shown in Fig. 2g . Comparing the FRAP values of crude and sulphated polysaccharides, it was found that crude polysaccharides had a significantly higher value (P < 0.05) than the other samples. The antioxidant power was in the order: crude < sF1 ≤ sF2 < sF3 < sF4 < sF6 ≤ sF9 ≤ sF8 ≤ -sF7 < sF5. Polysaccharides could be reductants by donating an electron. Sulphation resulted in decreased antioxidant activity; however, the modification conditions affected the level of antioxidant activity. According to Table 1 , the samples with high sulphate content and DS showed lower antioxidant activity, probably due to sulphate group substitution of hydroxyl groups in anthocyanin compounds.
Effect of sulphation on immunomodulatory activity
The effect of crude and sulphated polysaccharides at a concentration of 10 lg mL À1 on proliferation of RAW 264.7 murine macrophage cells is presented in Fig. 3 . After treating cells with both crude and sulphated polysaccharides, it was found that proliferation slightly increased compared with controls except for sF8. However, the proliferation of RAW 264.7 cells was above 95% when they were treated with each of the polysaccharides, indicating that crude and sulphated polysaccharides were not toxic to the cells and could improve the number of RAW cells. Macrophages are essential to immune system homeostasis, and play a pivotal role in host defence against any type of invading cell. NO release from macrophages can suppress the growth of bacterial infection or cancer cells (Karnjanapratum et al., 2012; Jiang et al., 2014) .
The levels of NO released from RAW 264.7 cells treated with crude and sulphated polysaccharides at a concentration of 10 lg mL À1 and LPS (1 lg mL À1 ) as a positive control are shown in Fig. 4a . The level of NO produced from LPS, 32.2 lM, was significantly higher than the other treatments (P < 0.05). The crude polysaccharide and sulphated polysaccharides sF1-sF9 showed increasing NO production in the order: crude < sF2 < sF4 ≤ sF6 ≤ sF7 < sF3 < sF1 < sF8 < -sF9 ≤ sF5 at 7. 52, 9.07, 10.3, 10.3, 10.6, 12.6, 13.5, 15.3, 16.8 and 17 .0 lM, respectively. The highest DS samples (sF9 and sF5) had the greatest ability to stimulate the RAW cells. Other researchers reported that increasing levels of NO from RAW cells correlated with DS value of sulphated polysaccharides. The range of 0.46-0.78 of DS had the greatest ability to stimulate macrophages (Sun et al., 2009; Bao et al., 2010) . Moreover, macrophage cell NO production is affected by various factors such as molecular weight, chemical composition and polysaccharide structure (Schepetkin et al., 2008; Surayot et al., 2015) . Regarding the size of polysaccharide, low molecular weight polysaccharides strongly induced immunomodulatory activity. It is suggested that sF8 with a low Mw (59 9 10 3 g mol À1 ) was a good inducer of cytokine production, when it was compared to sF2 with a higher Mw (151 9 10 3 g mol À1 ) as shown in Table 1 and Figs 4 and 5. Similar results of Surayot et al. (2014) also showed that lower Mw led to higher immunomodulatory activity. In addition, the Mw had more influence on the immunomodulatory activity than the DS. Similarly, sF8 with low DS (0.08) increased the cytokine production significantly (P < 0.05) than sF3 with high DS (0.16) in polysaccharides from Ganoderma atrum (Chen et al., 2015) .
The increased level of NO production from crude and sulphated polysaccharides seemed to be due to increased mRNA expression of inducible nitric oxide synthetase (iNOS). The mRNA expression of iNOS in RAW cells was evaluated using agarose gel analysis of the RT-PCR product using a primer for iNOS mRNA. polysaccharide boosted mRNA expression (Fig. 4a) . Figure 4c shows the relative intensity of iNOS expression. The sulphated polysaccharide sF5 could enhance mRNA expression of iNOS more than the crude polysaccharides. The mRNA expression of cytokines including TNFa, IL-1b and IL-10 in RAW cells treated with crude and sulphated polysaccharides showed a similar trend to iNOS mRNA expression. sF9 had the highest band intensity. Pro-inflammatory IL-1b and TNF-a were released by the activated macrophages following the inflammatory stimuli to the immune system (Porcheray et al., 2005) . TNF-a is a mainly pro-inflammatory cytokine released by macrophages (Chen et al., 2015) . As shown in Fig. 5a , sulphated polysaccharides showed enhanced mRNA expression of TNF-a compared with the crude polysaccharides. The intensity of TNF-a after treating cells with crude polysaccharides was 0.39, lower than for treatments with sulphated polysaccharides (0.37-0.57) as shown in Fig. 5b . However, all polysaccharides showed lower mRNA expression of TNF-a than LPS. The mRNA expression of IL-1b after treatment with crude and sulphated polysaccharides is presented in Fig. 5a . The intensity of IL-1b mRNA expression induced by 10 lg mL À1 sulphated polysaccharides was significantly higher than for crude polysaccharides at the same concentration (Fig. 5c) . The result showed enhanced mRNA expression of IL-1b with sulphated polysaccharides. sF8 and sF9 were not only related by the DS with sulphation but also by anthocyanin content. IL-10 is an antiinflammatory cytokine released by macrophages to suppress the potential detrimental effect of pro-inflammatory cytokines (Karnjanapratum et al., 2012) . The mRNA expression of IL-10 was similar to that of TNF-a and IL-1b. Polysaccharides with a high DS with sulphation (sF5) significantly stimulated RAW cells to induce cytokines (Fig. 5d) . Polysaccharides with high sulphate content and DS had increased immunomodulatory activity. Song & Lee (2012) indicated that sulphated polysaccharides activated the immune system through cell recognition by specific receptors that determine the resulting response. Pattern recognition receptors (PRR) are germline-encoded receptors and it recognise preserved pathogen-associated molecular patterns that are absent from the host.
Conclusion
The effect of sulphation of crude polysaccharides from Kum Doi Saket rice bran on the physicochemical properties and bioactivity showed that the DS of nine sulphated polysaccharides was in the range of 0.01-0.56. The FT-IR spectra showed two characteristic bands (1240 and 820 cm À1 ) representing sulphated groups on the backbone of the crude polysaccharides. Depolymerisation of Kum Doi Saket polysaccharides lowered the molecular weight and reduced anthocyanin content. Sulphation of polysaccharides did not enhance antioxidant activity. However, the sulphated polysaccharides had significantly improved immunomodulatory activity and could induce production of cytokines including iNOS, TNF-a, IL-1b and IL-10 via up-regulated mRNA expression. It is suggested that the optimal sulphation condition for polysaccharides from purple glutinous rice bran was 2:1 w/w of STMA:sample at 80°C for 3 h, resulting in the highest immunomodulatory activity.
